Background. The optimal management of duodenal neuroendocrine neoplasms (dNENs) is unclear, and endoscopic resection is increasingly performed instead of surgery.
independently related to PFS. No differences in terms of OS and PFS were observed between patients treated surgically or endoscopically. Conclusions. dNENs prognosis may be highly variable. These tumors can be metastatic in up to 50% of cases at the time of first diagnosis and can develop metastases thereafter. Functioning neoplasms express high metastatic potential. Nuclear imaging should be performed to exclude distant metastases in all dNENs. Endoscopy and surgery play a primary role in the management of the disease. Further prospective studies are needed.
Duodenal neuroendocrine neoplasms (dNENs) are heterogeneous tumors. They represent up to 3% of all duodenal tumors and 2-3% of all gastrointestinal neoplasms. [1] [2] [3] Their incidence has been increasing, reflecting the increased use of upper gastrointestinal endoscopy. 4 The majority of the cases (50-70%) are low-grade, well-differentiated tumors, whereas only a minority of the cases are high-grade, poorly differentiated neuroendocrine carcinomas (\ 3%). 5 These tumors may be functioning [i.e., gastrinoma (27-58%), somatostatinoma (23-75%), secreting serotonin (28%), calcitonin (9%), and rare duodenal gangliocytic paragangliomas] and nonfunctioning. 3, [6] [7] [8] The available series often have combined dNENs with smallbowel NENs, even if with a generally more favorable prognosis. 4, 9 Duodenal NENs are usually small in size, limited to the mucosa and submucosa, although metastases in regional lymph nodes are reported in 40-60% of all cases. 5, 7 Liver metastases occur in less than 10% of all patients. 8 The majority of dNENs are located in the duodenal bulb (58%) and descending duodenum (33%), whilst tumors located in the ampulla of Vater (approximately 20%) often are considered as a separate entity due to their clinical behavior more similar to pancreatic neoplasms. [10] [11] [12] [13] [14] [15] Endoscopic resection is increasingly performed instead of surgery. Despite clear differences, in the current guidelines dNEN management is treated along with either gastric or, if functioning, pancreatic NENs. 16 As a result, their natural history, clinical characteristics, treatment, and prognosis are still poorly understood.
Therefore, the current study first analyzed the natural history of patients with dNENs. The secondary goal was to evaluate the overall (OS) and progression-free survival (PFS), according to the histological features, stage at initial diagnosis, and other possible prognostic parameters.
PATIENTS AND METHODS

Study Population
Patients with a histologically confirmed diagnosis of dNENs, as diagnosed and treated from January 2000 to January 2017, at five referral Centers in Italy (Gastroenterology and Endoscopy Unit, Fondazione IRCCS Ca' Granda Ospedale Maggiore Policlinico Milano, University of Milan; the Digestive and Liver Diseases Department, University ''La Sapienza'' of Rome, Sant'Andrea Hospital; the Division of Endocrinology, Department of Clinical Medicine and Surgery, University ''Federico II'' Naples; the Department of Medical and Surgical Sciences, Bologna University's St. Orsola-Malpighi Hospital; the Pancreatic Surgery Unit, Pancreas Translational and Clinical Research Center, San Raffaele Scientific Institute, University ''VitaSalute'' Milan) were identified from the database and retrospectively were analyzed.
All consecutive patients who met the following inclusion criteria were enrolled: age [ 18 years; histologically confirmed dNEN; availability of (1) histology (according to the WHO classification), (2) clinical data with a minimum 3-month follow-up after diagnosis, (3) morphologic imaging techniques, such as ultrasound (US), computed tomography (CT), magnetic resonance imaging (MRI), (4) nuclear medicine imaging, (5) endoscopy parameters, (6) biochemical data [Chromogranin A (CgA), gastrin, somatostatin, neuron specific enolase (NSE)]. The exclusion criteria were: histologic finding of MANECs (mixed adenoneuroendocrine carcinomas); age \ 18 years; nonadherence to the written, informed consent to participate in the study; the use of experimental drugs during the 2 months preceding inclusion in this study. The tumors were staged according to the TMN stage scoring system and classified on the basis of their immunohistochemical characteristics according to the WHO 2010 classification, as: dNENs of grade G1 (Ki-67 B 2%), G2 (Ki-67 3-20%), and G3 (Ki-67 [ 20%). 17, 18 The tumors were classified as functioning or nonfunctioning neoplasms. All neoplasms were diagnosed by pathological examination, formalinfixed, and routinely processed. Sections of the tumors were immunostained for CgA, NSE, synaptophysin (SYN), and the Ki-67 proliferative index, using the MIB-I antibody. Functioning tumors were defined as those in which distinct clinical symptoms and excessive levels of specific hormones (i.e., gastrin or somatostatin) were present together with the evidence of predominant or exclusive immunoreactivity to specific hormones. Germline mutations for multiple endocrine type-1 neoplasia (MEN-1) syndrome were tested when clinically suspected, based on the coexistence of dNEN with another major feature of MEN-1 (i.e., primary hyperparathyroidism or pituitary adenoma) or in all cases of gastrinoma.
After the initial diagnosis, regular clinical, biochemical, upper gastro-intestinal (GI) endoscopy, and imaging follow-up examinations were performed for all the cases, at least once a year (range 3-12 months). Conventional radiological imaging, endoscopy, and nuclear medicine imaging (somatostatin receptor scintigraphy or Gallium-68 PET) were performed when clinically indicated. Endoscopic ultrasound was generally performed to assess the degree of wall invasion before resection, in case of [ 1-cm lesions. After enrollment, the type of treatment received by each patient was classified as: (1) radical surgery, (2) endoscopic mucosal resection (EMR) or endoscopic submucosal dissection (ESD), (3) follow-up alone, and (4) medical therapy.
Morphological imaging was used to evaluate the objective responses of the disease (i.e., tumor size) according to the criteria released by the Italian Trials in Medical Oncology Group 19 as: complete or partial response (with a tumor size decrease [ 50%), stable (\ 50% decrease or \ 25% increase), and progressive (increase [ 25%).
Data Collection
All the data were prospectively collected at the Center where the patient had been observed. A single, computerized data sheet was created and for each patient the following data were entered: age, gender, date of diagnosis, age at diagnosis, type of treatment, pathological features, tumor size and localization, number of lesions, time of follow-up, grading according to WHO 2010, staging according to the TNM system, presence/absence of MEN-1 syndrome, functioning/nonfunctioning tumor, OS, PFS.
Statistical Analysis
Continuous variables were reported as median (range); categorical variables were reported as count (percentage). All data were checked for distribution normality by the Kolmogoroff-Smirnoff test. The differences between groups were assessed with the Mann-Whitney test and Kruskal-Wallis test as appropriate.
The analysis of the predictive factors of metastatic disease was performed by univariate and multivariate analysis using logistic regression. Predictive factors were expressed as odds ratio (OR) and 95% confidence interval (95% CI). The forward stepwise method was used to build a multivariate model after the inclusion of all variables.
OS was calculated from the date of dNEN diagnosis to the patient's death or the end of data collection. PFS was defined as the time interval between diagnosis and disease progression or the patient's death. The survival curves were estimated using the Kaplan-Meier method, and the logrank test was used for comparing the survival curves between patient groups. The Cox univariate-multivariate regression model was used to analyze the possible association between the variables of interest (TNM staging, Ki-67 index, age, gender, primary tumor size and localization, number of lesions, presence of any functioning tumor, and presence of any MEN-1 syndrome) and both the risk of death and the risk of progression. The best multivariate model was identified by using a stepwise forward method (entry criterion: P \ 0.05; removal criterion: P [ 0.1). The estimated hazard ratios (HR)-as derived from the Cox models-were reported along with the pertinent 95% confidence intervals (CIs). A P value \ 0.05, two-sided, was considered statistically significant. The analyses were carried out by software: Graph Pad Prism version 6.00 (GraphPad Software, San Diego, CA) and MedCalc version 17.9.5 (MedCalc Software bvba, Ostend, Belgium).
RESULTS
In the study period, 108 patients (69 males, 39 females, median age 59.5 [range 18-87] years) were diagnosed and treated at the referral institutions. The patients' characteristics are detailed in Table 1 .
Thirty patients had a functioning dNEN (25 gastrinomas, 5 somatostatinomas), of whom 14 were metastatic. Sixteen patients (14.8%) had MEN-1 syndrome, of whom ten had a functioning dNEN (9 Zollinger-Ellison's syndrome, 1 somatostatinoma) and six had a nonfunctioning dNEN. Seventy-one patients had G1, 21 had G2, and 4 had G3 dNENs according to the WHO 2010 classification. 18 For 12 patients, the Ki-67 index was not available. dNENs were single in 84 and multiple in 24 patients (median number of lesions 3, range 2-37). Localization was: bulbar in the majority (44 patients), periampullary in 38, and located in the second portion of duodenum in 24 (not specified in 2 cases). The median diameter was 12 (range 3-130) mm. Twenty-three of 108 patients were incidentally diagnosed. Overall, 54 patients (50%) showed metastases at diagnosis: 12 in the liver, 37 in lymph nodes, and 5 presented both. Twenty patients (18.5%) also developed new metachronous metastases, during the follow-up period, of whom 5 de novo and 15 who were already metastatic at diagnosis. During the entire study period, a total of 59 patients (54.6%) showed metastatic disease. Fifty-seven patients (52.7%) had the dNEN surgically resected, 16 (14.8%) underwent endoscopic treatment, and 23 (21.3%), who were metastatic, received a combination of medical therapy (somatostatin analogues [SSA] and chemotherapy [CT]) with either surgery or endoscopy. Among the 57 patients who had undergone surgical therapy, 4 patients showed metastatic disease not detected preoperatively by the combination of morphological and functional imaging. Seven patients underwent liver-directed therapy. Peptide receptor radionuclide therapy (PRRT) was performed only in one patient. The results of the logistic regression for predictive factors of metastatic disease are reported in Table 2 .
At univariate analysis grading (OR 5.44; P = 0.003), size (OR 1.03; P = 0.04), functioning status (OR 2.45; P = 0.04) and age (OR 0.97; P = 0.04) were related to the presence of metastases. The location of the primary tumor, number of lesions, gender, and presence of MEN-1 syndrome were not significantly related to the presence of metastases.
At multivariate analysis, age (OR 0.96; P = 0.02), grading (OR 7.7; P = 0.0009), and functioning status (OR 5.8; P = 0.003) were the variables independently related to metastatization.
Over a median 76-month follow-up (range 7-211), 20 patients (18.5%) died, of whom 19 of disease-related causes. Survival analysis showed a median 187-month OS. Median PFS was 170 months with 21 patients experiencing progression. No differences in terms of both OS and PFS were observed between the patients treated surgically versus endoscopically. At Cox's multivariate proportional hazard regression, grading (HR 29.6, CI 3.05-288.3, P = 0.0037 for G3 neoplasia) and age (HR 1.07 CI 1.01-1.13, P = 0.008) were the only variables independently related to OS. As concerns PFS, grading [31.29 (5.8-167.13); P = 0.0001 for G3 neoplasia] and staging at the initial diagnosis [HR 4.35, CI 1.23-15.40, P = 0.02 for staging IV] were independently related to PFS (Table 3A, B) .
DISCUSSION
The present multicentric study confirmed that dNENs are heterogeneous tumors characterized by highly variable prognosis, according to the previously available data. dNENs often have been considered similar to gastric NENs, because they are usually small, well-differentiated, and indolent. However, they can be metastatic in up to 54.6% of cases, as observed in the present series, either at diagnosis or thereafter. This observation should be taken into account, also on consideration that the median diameter of the lesions in this series was 12 mm, which is very small. In view of their potential aggressive behavior, and given that dNENs tend to spread to the submucosal layer even during the early stages of the disease, surgical resection has been suggested as the preferred treatment modality over endoscopic treatment. Moreover, the duodenal wall is thinner than the gastric wall, and this is possibly a reason to consider first towards surgery versus endoscopic approach, due to the risk of perforation. [20] [21] [22] [23] [24] [25] [26] [27] [28] Surgery often is suggested as the treatment of choice because of the risk of lymph node metastases with these tumors and the poor detection rate of conventional imaging for micrometastases. 28 Conversely, the endoscopic resection of dNENs is increasingly performed instead of surgery and it has proved to be safe and effective only for lesions of B 10 mm size, confined to the submucosal layer, with no lymph node involvement or distant metastasis. [29] [30] [31] [32] [33] [34] [35] In a recent series of 38 dNEN patients diagnosed over a 5-year period, no recurrence was observed over a mean 17-month follow-up period, and endoscopic submucosal dissection (ESD) achieved a higher rate of radical excision than endoscopic mucosal resection (EMR). 29 Therefore, both surgery and endoscopy play a primary role in the management of the disease for curative purposes, even if the efficacy of endoscopic treatment in comparison to surgical therapy has not been systematically evaluated. In our multicenter study, we did not observe any significant difference in terms of both OS and PFS between the patients surgically versus endoscopically treated. The majority of patients endoscopically treated had been incidentally diagnosed and exhibited smaller lesions and lower stages. Obviously, this is a retrospective study, so this data cannot be considered as a base of evidence-based equivalence between the two treatments. However, surgery should be performed for tumors [ 1 cm and/or involving the muscolaris propria or in those with positive margins after endoscopic resection. 16 Because of the high metastatic potential observed in the present study, in case of dNENs, an initial complete staging should be performed before surgery or endoscopic treatment, including nuclear medicine imaging, to exclude distant metastases. Moreover, because of the heterogeneity of these neoplasms and the risk of local and distant metastases (also observed during the study), long-term follow-up is necessary after their initial endoscopic or surgical resection.
The present series has showed that functioning neoplasms express higher metastatic potential and appear to be more aggressive compared with nonfunctioning forms, differently from the pancreatic NENs. 36 In our series, we have defined the tumors as ''functioning'' only in the presence of distinct clinical symptoms and excessive levels of specific hormones (i.e., gastrin or somatostatin) together with the evidence of predominant or exclusive immunoreactivity to specific hormones. According to these criteria, we observed that 14 of 30 functioning dNENs (25 gastrinomas, 5 somatostatinomas) were metastatic. This finding is in line with the recent study by Vanoli et al. 6 who identified five types of NENs with distinct clinicopathological profiles among more than 200 neoplasms arising in the duodenal tract. They showed that the ampullary-type, somatostatin-producing tumors and gastrinomas presented with high rates of local infiltration (especially lympho-invasion and deep duodenal wall/pancreatic tissue invasion) and lymph node metastases, whereas the nonfunctioning forms had significantly lower and more size-dependent local invasive potential. Besides the functioning status, age and grading were the variables independently related to metastatization. Furthermore, grading and age were the only variables independently related to OS, and grading and staging at initial diagnosis were independently related to PFS. Based on these observations, the identification of subgroups of patients with a potentially more aggressive disease (e.g., elderly patients with specific histological characteristics or presence of a clinical syndrome) who deserve a more aggressive therapeutic approach (i.e., surgery) should be the ultimate goal.
Finally, in this series we have observed 16 patients (14.8%) with MEN-1 syndrome. This is an interesting finding as the association with MEN-1 has been historically better defined for pancreatic NENs. 37 Thus, one should keep in mind that also in cases of dNENs, either functioning or nonfunctioning, MEN-1 syndrome should be considered. 38 This is in line with previous observations in which MEN-1 has reportedly occurred in 20-30% of all patients with dNENs with Zollinger-Ellison's syndrome (ZES) 37 , 39 , 40 : Vanoli et al. found 7 MEN-1 cases among 20 gastrinoma patients in their retrospective study (i.e., 35% of gastrinomas but only approximately 4% of the entire cohort). 6 In our series, the patients with MEN-1 syndrome presented gastrinomas and also nonfunctioning dNENs (a somatostatinoma was observed in one case).
A possible limitation of this study is a degree of unavoidable variability among the monitoring or treating methods because of its multi-institutional retrospective nature. Nevertheless, from this multicenter study, we can derive worthwhile information about this kind of NENs. In fact, the present study has depicted dNENs as heterogeneous tumors that can exhibit an aggressive behavior with distant metastases, despite their small size, more frequently than previously described. Therefore, careful disease staging, including nuclear medicine testing, and a radical treatment approach should be considered. Follow-up should be extended to a lifelong horizon.
Further prospective studies are needed to better define standardized guidelines dedicated to dNENs, including optimal patient treatment and management and effective follow-up intervals.
